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BACKGROUND 
A s  a r e s u l t  o f  t h e  A p o l l o  AS204 f i r e ,  NASA made a commitment t o  t h e  
Congress t h a t  t h e  agency would be aware o f  t h e  t y p e  and q u a n t i t y  o f  each mate- 
r i a l  i n  t h e  h a b i t a b l e  a rea  o f  manned s p a c e c r a f t .  NASA a l s o  committed t o  con- 
d u c t  f l a m m a b i l i t y  t e s t s  on m a t e r i a l  and c o n f i g u r a t i o n  t o  v e r i f y  t he  f i r e  s a f e t y  
o f  manned space v e h i c l e s .  Major  p o i n t s  r e s u l t i n g  f rom i n v e s t i g a t i o n s  were t o  
( 1 )  c o n t r o l  t h e  launch environment ( i . e . ,  c o n t r o l  oxygen c o n c e n t r a t i o n ) ,  
( 2 )  have onboard a f i r e  e x t i n g u i s h i n g  system, ( 3 )  have a s tandard  and con- 
t r o l l e d  s e t  o f  f l a m m a b i l i t y  requ i rements ,  and ( 4 )  conduct  c o n f i g u r a t i o n  and 
f u l l - s c a l e  f l a m m a b i l i t y  t e s t s .  
S ince  t h e  AS204 f i r e ,  NASA has had o t h e r  acc iden ts  t h a t  caused a reeva lu -  
a t i o n  o f  m a t e r i a l s  f l a m m a b i l i t y  i n  h i g h - p r e s s u r e  oxygen systems. The f i r s t  
was t h e  A p o l l o  13 i n c i d e n t ,  which was an i n - f l i g h t  f i r e  i n  a c ryogen ic  p res -  
sure  vesse l  t h a t  r e s u l t e d  j n  t h e  vesse l  r u p t u r e  and caused an a b o r t  o f  a l u n a r  
l a n d i n g  m iss ion .  The second i n c i d e n t  was a S h u t t l e  ground t e s t ,  where an 
E x t r a v e h i c u l a r  M o b i l i t y  U n i t  oxygen f i r e  des t royed a t e s t  u n i t  and a spacesu i t  
and s e r i o u s l y  i n j u r e d  a t e c h n i c i a n .  
PRESENT REQUIREMtNTS AND TRACKING 
As  a r e s u l t  o f  these acc iden ts ,  NASA has imposed s tandard  f l a m m a b i l i t y  
requ i rements  on a l l  s p a c e c r a f t  m a t e r i a l .  The requ i rements  a r e  p r e s c r i b e d  a t  
Leve l  I (NASA H Q )  v i a  NHB 8060.18 ( r e f .  4 ) .  A t  Leve l  I 1  ( S T S  Program O f f i c e )  
JSC 07/00, v o l .  X ,  paragraph 3.5.2.1, s t a t e s  " M a t e r i a l s  and processes s h a l l  be 
s e l e c t e d  i n  accordance w i t h  JSC-S€-R-0006." Th is  document imposes t h e  NHB 
8060.1 requ i rements  i n  a d d i t i o n  t o  o t h e r  m a t e r i a l s  requ i rements  such as c o r -  
r o s i o n ,  s t r e s s  c o r r o s i o n ,  f r a c t u r e  c o n t r o l ,  age l i f e ,  and vacuum s t a b i l i t y .  
l h e  JSC-S€-R-0006 a l s o  r e q u i r e s  t h a t  each element and major  c o n t r a c t o r  p repare  
a m a t e r i a l s  c o n t r o l  and v e r i f i c a t i o n  p l a n .  The O r b i t e r  p r o j e c t  p l a n  i s  i n  JSC 
11739 " S h u t t l e  O r b i t e r  P r o j e c t  M a t e r i a l s  C o n t r o l  and V e r i f i c a t i o n  Program 
Management Procedures. 
l h e  m a t e r i a l  c o n t r o l  procedures f o r  t h e  O r b i t e r  a r e  accomplished by the  
M a t e r i a l s  Ana lys i s  T rack ing  and C o n t r o l  ( M A T C O )  system. Th is  system i s  essen- 
t i a l l y  a c e n t r a l  computer ized system where a l l  m a t e r i a l s  used i n  t h e  O r b i t e r  
i n  b o t h  t h e  o r i g i n a l  des ign  and t h e  a s - b u i l t  des ign  (changes by M a t e r i a l  Review 
( M R ) ,  D iscrepancy Repor ts  ( D R ' s ) ,  and Tes t  and Checkout Procedures ( T C P ) )  a r e  
recorded.  l h e  documentat ion requ i rements  t racked  by MA'ICO i n c l u d e  m a t e r i a l  
usage, f l a m m a b i l i t y  a c c e p t a b i l i t y ,  t o x i c i t y ,  age l i f e ,  vacuum s t a b i l i t y ,  and 
f l u i d  c o m p a t i b i l i t y  a c c e p t a b i l i t y .  Th i s  system assures t h a t  a l l  m a t e r i a l s  a r e  
rev iewed,  approved, and have t h e i r  wa ivers  t racked.  F i g u r e  1 has a f l o w  d i a -  
gram f o r  t h i s  procedure.  
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The ph i losophy NASA uses i n  f i r e  p r e v e n t i o n  i s  ( 1 )  assume an i g n i t i o n  
source e x i s t s  and a f i r e  can s t a r t ,  and ( 2 )  r e q u i r e  t h a t  any f i r e  once s t a r t e d  
s h a l l  be s e l f - e x t i n g u i s h i n g  w i t h i n  a s h o r t  d i s t a n c e .  Th is  i s  accomplished i n  
t h e  des ign  by a s s u r i n g  t h a t  exposed m a t e r i a l s  a r e  s e l f - e x t i n g u i s h i n g  as a 
m a t e r i a l  o r  when t e s t e d  i n  the  use c o n f i g u r a t i o n .  Flammable m a t e r i a l s  must be 
stowed i n  a nonflammable c o n t a i n e r ,  have f i r e  breaks a long  t h e  m a t e r i a l  t o  
p reven t  p ropagat ion ,  o r  be p r o t e c t e d  w i t h  a f l a m m a b i l i t y  b a r r i e r .  There i s  
a l s o  e x t e n s i v e  use o f  f i r e  breaks as w e l l  as p roper  housekeeping d u r i n g  t h e  
m i  s s i  on. 
M a t e r i a l  and c o n f i g u r a t i o n  t e s t i n g  f o r  t h e  S h u t t l e  i s  ma in l y  a t  30 pe rcen t  
oxygen c o n c e n t r a t i o n  a t  70 kPa (10.2 p s i a ) .  Th i s  i s  t h e  worst -case atmosphere 
d u r i n g  a m i s s l o n  and occurs 10  h r  p r i o r  t o  an e x t r a v e h i c u l a r  a c t i v i t y  (space 
wa lk ) .  The p ressu re  i s  reduced f rom the  nominal  101 kPa ( 1 4 . 7  p s i a )  and the  
oxygen c o n c e n t r a t i o n  i s  i nc reased t o  30 pe rcen t  f o r  med lca l  reasons t o  p r e v e n t  
the  "bends" d u r i n g  an EVA.  
l h e  nominal  atmosphere i s  101 kPa (14.7 p s i a )  w i t h  a 23.8 mass-percent  
oxygen c o n c e n t r a t i o n .  However, t h e  maximum oxygen c o n c e n t r a t i o n  t h a t  can occur  
b e f o r e  t h e  Caut ion  and Warning system w i l l  i n i t i a t e  an a la rm i s  25.9 p e r c e n t .  
NASA has t e s t e d  many m a t e r i a l s  a t  t h e  23.8-, 25.9-, and 30-percent-oxygen 
l e v e l s  f o r  t h e  S h u t t l e  program. I n  a d d i t i o n ,  NASA has a l a r g e  da ta  base a t  
100 pe rcen t  oxygen a t  35 kPa ( 5  p s i a )  and 115 kPa (16.5 p s i a ) .  l h e  da ta  i n  
f i g u r e  2 show how f l a m m a b i l i t y  o f  m a t e r i a l  i s  a f f e c t e d  by percentage o f  oxygen 
f o r  those m a t e r i a l s  t h a t  would be cons idered f o r  spacec ra f t  a p p l i c a t i o n s .  
l h i s  may rep resen t  t h e  whole p o p u l a t i o n  o f  m a t e r i a l s .  
FLAMMABILITY CONlROL I N  P R A C T I C E  
One method used i n  t h e  S h u t t l e  v e h i c l e  t o  reduce f l a m m a b i l i t y  i s  t o  con- 
t r o l  spac ing o f  f lammable m a t e r i a l s  such as Ve lc ro  and w i r e  t i e s .  The V e l c r o  
'IS f lammable, b u t  NASA has a spacing requ i rement  t h a t  a l l  Ve lc ro  usage should 
be n o t  more than 25 cm2 ( t y p i c a l l y  2 by 2 i n . )  and each p i e c e  must be sepa- 
r a t e d  by 5 cm ( 2  i n . )  f rom each o t h e r  p i e c e  i n  t h r e e  d imensions.  The w i r e  t i e  
spac ing  s t a t e s  t h a t  a l l  w i r e  t i e s  must be 5 cm ( 2  i n . )  a p a r t  un less  a nonf lam- 
mable t i e  such as Tef lon-coated  g l a s s  t i e s  a r e  used. 
Flammable m a t e r i a l s  must be stowed i n  nonflammable c o n t a i n e r s  such as 
meta l  boxes o r  t h e  po lycarbonate  stowage boxes used i n  t h e  O r b i t e r .  Other 
nonflammable bags may be used, such as bags made o f  doub le  l a y e r  Nomex ( a t  
l e a s t  230 g/m ( 7 . 5  oz/yd) each) w i t h  a l e f l o n - c o a t e d  g lass  f a b r i c  i n  between. 
NASA used Te f lon -coa ted  b e t a  c l o t h  f o r  stowage bags i n  Apo l l o ,  b u t  these were 
n o t  d u r a b l e  enough f o r  a reuse v e h i c l e  l i k e  t h e  S h u t t l e .  Nonflammable bags 
f o r  wet stowage have been made by making a bag o u t  o f  two l a y e r s  o f  Nomex 
f a b r i c  (230 g/m ( 7 . 5  oz /yd) )  w i t h  an i n s i d e  l a y e r  o f  neoprene-coated ny lon .  
The i n s i d e  o f  t h e  O r b i t e r  i s  a d d i t i o n a l l y  p r o t e c t e d  f rom a major  f i r e  by 
compartmentat ion o f  t h e  e l e c t r o n i c s .  For example, t h e  many e l e c t r o n i c  areas 
a r e  each i n  t h e i r  own compartment t o  m in im ize  t h e  spread o f  a f i r e .  Each com- 
par tment  has e i t h e r  f i r e  e x t i n g u i s h e r  nozz les  f rom the  c e n t r a l  f i r e  e x t i n g u i s h -  
i n g  system o r  has f i r e  e x t i n g u i s h e r  access p o r t s  i n  f r o n t  o f  t h e  panel  f o r  t he  
hand-held f i r e  e x t i n g u i s h e r  t o  be used t o  p u t  o u t  a f i r e .  I n  a d d i t i o n ,  w i r e  
bundles a r e  rou ted  I n  t r a y s  when exposed t o  t h e  cab in  t o  ensure t h a t  the  w i r e  
bundles cannot  be damaged. 
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NASA has used seve ra l  techniques t o  p r o t e c t  f lammable m a t e r i a l s  o r  compo- 
Examples i n c l u d e  wrapping p l a s t i c s  w i t h  aluminum tape as a f i r e  b a r r i e r .  Th i s  
c a l c u l a t o r s ,  and o t h e r  hand-held dev ices .  A lso  employed a r e  nonflammable 
s leeves made o f  be ta  c l o t h  o r  double l a y e r s  o f  Nomex, nonflammable coa t ings ,  
e t c .  
I nen ts  t h a t  must be used e i t h e r  i n  t h e  des ign  o r  t he  opera t i ons  o f  t h e  S h u t t l e .  
I has been used on many smal l  o f f - t h e - s h e l f  i tems such as power screwdr ivers ,  
There have been over  30 t e s t s  on e l e c t r o n i c  "b lack  boxes".  These range 
f rom h e r m e t i c a l l y  sea led  u n i t s  b a c k f i l l e d  w i t h  an i n e r t  gas t o  a i r - c o o l e d  
e l e c t r o n i c  boxes. Most o f  those made o f  a nonflammable c o n t a i n e r  passed the  
c o n f i g u r a t i o n  t e s t .  Those t h a t  f a i l e d  had flammable m a t e r i a l s  on t h e  o u t s i d e  
o r  used ure thane foam i n  t h e  box w i t h  a l a r g e  v o i d  space. The boxes t h a t  were 
a i r  coo led  had t o  meet t h e  f o l l o w i n g  c o n d i t i o n s  t o  pass a c o n f i g u r a t i o n  t e s t  
( i . e . ,  no f lames o u t s i d e  t h e  box) :  ( 1 )  have a i r  f l ows  below 3.7 m/sec 
(12  f t / s e c )  o r  above 9 m/sec (30  f t / s e c ) ,  ( 2 )  have t h e  vent  ho les  covered w i t h  
a s t e e l  screen o f  100 mesh o r  g r e a t e r ,  and ( 3 )  assure t h a t  t h e  f l o w i n g  a i r  d i d  
n o t  c r e a t e  a "chimney e f f e c t "  by hav ing  a s t r a i g h t  p a t h  f rom t h e  i n l e t  t o  




There a r e  s t i l l  some f l a m m a b i l i t y  problem areas o r  a p p l i c a t i o n s  t h a t  c o u l d  
be improved. One o f  t h e  areas t h a t  cou ld  be improved i s  t h e  f i r e  e x t i n g u i s h e r .  
The p resen t  e x t i n g u i s h e r  medium i s  Halon 1301. Th is  m a t e r i a l  has seve ra l  
shor tcomings,  i n c l u d i n g  (1) t h e  p roduc ts  produced i n  f i g h t i n g  a f i r e  a r e  c o r -  
r o s i v e  t o  e l e c t r o n i c s  and a r e  t o x i c ,  ( 2 )  i t  has l i m i t e d  e f f e c t i v e n e s s  above 
33 p e r c e n t  oxygen concen t ra t i on ,  ( 3 )  i t  r e q u i r e s  c a r e  i n  usage t o  ensure t h a t  
s u f f i c i e n t  q u a n t i t y  i s  p u t  on t h e  f i r e .  
The water  emuls ion system used on A p o l l o  was very  e f f e c t i v e ,  b u t  t h e r e  
was always t h e  concern about  water  on e l e c t r i c a l  systems. 
Other areas t h a t  c o u l d  use some i n n o v a t i o n  a r e  ( 1 )  c l o t h i n g  f o r  t h e  crew 
d u r i n g  t h e  miss ion ,  ( 2 )  nonflammable foams f o r  cushions,  and ( 3 )  paper and 
cardboard f o r  f l i g h t  da ta  f i l e s  and cuecards.  
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Figure 2 .  - D a t a  on m a t e r i a l  f l a m m a b i l i t y  as f u n c t i o n  o f  oxygen c o n c e n t r a t i o n .  
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